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1 . A hybrid lay-up tool serving both as a form on which constituent materials 
are applied for bdnding or curing into a part in a desired configuration, and for 
holding said matenals in the onginaily applied position during subsequent 
machining of a pe^pheral edge of said part by a CNC machine tool while said 
lay-up tool is positioned on a bed of said machine tool, said CNC machine tool 
operating in accordance with a part program read by a CNC machine tool 
controller, said hybria lay-up tool comprising: 

a tool body maae of composite material having a facing surface 
configured to a desireAshape of one surface of a part to be made on said tool, 
said tool body having aWerence plane whose orientation and height above said 
machine tool bed are spefcifiea in said part program; 

a substantially contViuous groye in said tool body opening in said facing 
surface; \ 

a supporting structureVsupporting said tool body to maintain said facing 
surface in said desired shape\ 

said supporting structure having ground-engaging pads, each having a 
contact surface by which said supporting structure contacts and is supported by 
said machine tool bed, said contact surfaces defining an "A" datum plane; 

attachments on said tooi body for supporting said tool body on said 
supporting structure with said referVnce plane of said tool body parallel to said 
"A" datum plane; \ 

whereby said materials for saiapaffsre applied on said tool body, 
bonded or cured, s id edge trimmed thjVreor^li while on said tool bod>' in said 
originally applied position, said edgeljAmi'ig being performed by said CNC 
machine tool following said pan proql-amV move a cutter extending into said 
groove to engage the full thickness of saidVart, said groove corresponding in 
space to the position represented by said cotter path of travel in said part 
program by virtue of accurate relationship of said tool body reference plane and 
said "A" datum plane. 



2. A hybrid lay-up tool as defined in claim 1 , wherein: 

said groove is dovetail in cross-section shape on a plane perpendicular to 
a longitudinal axis of Sc id groove, said groove having a bottom width wider than 
the width at said facing surface. 

3. A hybrid lay-up t )ol as defined in claim 1 . further comprising: 



a sacrificial mate 



iai filling said groove and forming a top surface flush 



with said facing surfacelof said tool body. 

10 4. A hybrid lay-up topi as defined in claim 3, wherein: 

said sacrificial material includes a self-skinning foaming composition 
forming a dense hard skiiti flush with said facing surface of said tool body. 
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5. A hybrid Iay4up tool as defined in claim 1, wherein: 

said sacrificial material has bonded therein a strip of fiber to facilitate 
removal of said sacrificial [material from said groove after said peripheral edge is 
cut around said part. 



6. A hybrid lay-up tool 
said sacrificial matd 
and co-cured with said rrfa 




efined in claim 3, wherein: 
ncludes an epoxy material applied in said groove 
en4is for said part. 




cutting of said peripheral edge oy said machine tool. 



7. A hyb'id lay-up to 

location devices c n iaie 
and said face sheet on c 
be programmed with config 
data regarding said support 



as (Refined : i claim 1 , further comprisi" g: 

tool for accurately positioning said base structure 
bdd of a machine tool, whereby said machine tool may 
uration data regarding said groove and with location 
ng structure and tool body position for automatic 



30 8. A hybrid lay-up tool as cefined in claim 7, wherein: 
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said location devices include a set point and a sine key, each having 
accuratelV positioned pins for accurately positioning said supporting structure on 
said machiine tool bed. 

5 9. A hyprid lay-up tool as defined in claim 8, wherein: 

said location devices include a tool ball socket in said face sheet for 
receiving a tbol ball, said tool ball having a surface for engaging a probe operated 
by said machine tool to locate the actual position of reference surfaces on said tool. 

10 10. A hybrin lay-up tool as defined in claim 1 , wherein: 
said base structure is made of Invar. 
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11. A hybrid lay-up tool as defined in claim 1 , wherein: 

said facebheet is made of graphite/bismaleimide material. 

1 2. A method if manufactunng a hybrid lay-up tool for making a bonded and 
cured composite qart, comprising: 

fabricating k master mold having a mold surface shaped and sized like 
said part, said mol^ hgvjng an "A" datum plane with a known relationship to said 
mold surface; 

installing refirence/features in said mold surface, said reference features 
effective to establislian orientation and location of said mold surface 

laying-up a | Jural Jy jf resin-impregnated fabr ; plies on said facing 
surface of said masjtar mold, said resin matrix having the charactenstic of 
bonding/curing at eleiated temperature to create a rigid hybrid tool face sheet 
for said hybrid lay-up riol; 

transferring saic\mold surface reference features to said hybrid tool face 

sheet; 

applying a vacuu^ bag over said plies and sealing peripheral regions of 
said vacuum bag aroundvsaid laid-up skin and components; 
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evacuating air from under said vacuum bag to cause air pressure outside 



said vacuum 



rigid hybrid 



bag to press said vacuum bag against said plies; 



bonding/curing said adhesive/resin matrix to transform said plies into said 



ool face sheet; 



removing said vacuum bag from said facing surface of said master mold, 
uncovering said rigid face sheet: 

attaching said hybrid tool face sheet to a base structure; 
machining a second "A" datum plane on said base structure; and 
removing said hybrid tool from said machine tool bed. 

13, A method of manufactunng as defined in claim 12, further comprising: 

positioning said hybrid tool in a known position on a CNC machine tool bed 
using locatioi devices to position said facing surface of said tool at a known 
position for s jrface milling ground pads on said base structure by a machine tool, 
and milling said ground pads parallel to said machine tool bed to establish said 
hybrid tool "A" datum plane; 

loadini a data set, having a digital definition of said lay-up tool, into a 
controller for controlling operation of said machine tool; and 

guiding a cutter of said machine tool, with said controller operating a 



machine 

around 

continuoC 



bn\\o\ program incorporating said data set, on a predetermined path 
lid f44^heet of said hybrid tool, with said cuter cutting a substantially 
peinpheral groove around said face sheet. 



14. A method of manufactunng as defined in claim 12, further comprising: 
transfer "ing said reference features in said mold surface to said face 
sheet to establish a reference plane for said face sheet. 



15. A methoji of manufactunng as defined in claim 12, further compnsing: 

probing said reference features in said face sheet to establish the location 
30 and orientation 4f said face sheet and perform a normalizing routine to translate 
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machine instructions on a CNC tape used to control said machine tool to 
correspond to the particular location and orientation of said face sheet. 

16. A method of manufacturing as deffined in claim 12, further comprising: 

probing said reference features on said face sheet with a probe mounted 
on said CNC machine tool to estaWish actual positions of at least three 



reference positions on said/ 

normalizing said 
said reference points to ^^|te 



sheet; and 

:ontrol program with said actual positions of 
data in said machine control program about said 



position of said tool on ^id^achine bed from position data in said controller 
based on coordinates/of said location devices. 



17. A method of manufacturing a composite part on a hvprid tool, comprising: 
coating a face sheet of a hybrid tool with a release/agent, said face sheet 

made from a master tool having a mold surface the sarofe shape and size as a 

surface of said part; 

laying up plies of resin impregnated fabric rnaterial on said face sheet to a 

desired thickness; 

debulking said plies in a vacuum bag witbi gas pressure, and curing said 
resin to form said part on said face sheet; 

placing said hybrid tool cn a machine^ool bed at a position designated in 
a machine tool program using positioningydevices; 

probing referer :e features on sap hybric' tool to accurately establir'i the 
position of said face sheet relative to ai home position of the machine tool, said 
reference features having been transferred from corresponding reference 
features on said master tool; 

normalizing said machina/tool part program to correspond to the actual 
position of the hybrid tool on me machine tool bed as determined by said 
probing of said hybrid tool re/erence features; 
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operating the machine tool to rotate a cutting tool while following a cutting 
path along and within a groove in said face sheet so that said cutting tool 
projects into said groove^nd engages the full thickness of said laid-up part on 
said hybrid tool face sWeet. 

18, A method of manufacturing a composite part on a hybrid tool as defined in 
claim 17, wherein: 

said face sheet of said hybrid tool is made of graphite/bismaleimide 

material. 



A process of fabncating a hybrid tool having groove for peripheral edge 
trimi\iing: 

^making an master mold having a mold surface and an "A" datum plane; 
establishing reference locations on said mold surface; 
laying up a composite face sheet on said mold surface; 
curVig the composite face sheet on said mold surface; 
transferring said reference locations to the face sheet; 
attachina a base structure to the face sheet; 
machining an "A" datum surface on the base structure; 



ool from the master mold; 
tare in a machine tool bed and probing the 
ate sheet to accurately locate the position of the face 
po jiticn of the r .achine tool; 
machining a grdj)^ opening in the top surface for receiving a cutter for 
edge thmming a part laid ud on the tool surface 



removing th^ hyb/id 

indexing the 
reference features of 
sheet relative o a honr 



20. A process of fabncatinX a hybrid tool as defined in claim 19, wherein said 
face sheet is made of graphite- \ismaleimide material. 



21 . A process of fabricating a hybrid too/ as defined in claim 19, wherein said 
base structure Is made of Invar material. 

22. A process of fabricating a hybrid tool as defined in claim 19, wherein said 
base structure is made of planar Inyar details cut from sheet by water jet or laser 
and slip-fit together, then welded \/\ the desired configuration. 



23. A process of fabricatingiQ hybrid tool as defined in claim 19, wherein: 
said machining of said/ A" datum plane on said base structure is done 

10 using a CNC machine tool y^hile supporting the hybrid tool on the bed of the 

machine tool with the plarje of the "A" datum surface parallel to the top surface of 
the bed. 

24. A process of fal^ricating a hybrid tool as defined in claim 19, wherein: 
15 said macmning of said "A" datum plane on said base structure is done 

while the face speietis still attached to the master mold. 

25. A proc^^fero^abricating a hybrid tool as defined in claim 19, wherein: 
ining of said 'A" datum plane is done after removing the hybrid 

20 tool from saidyfn^ster mold, while supporting the base structure on supplemental 
legs on the machine tool bed. wherein the correct orientation of the hybrid tool 
on the macmine tool bed is established by setting the length of the legs while the 
hybrid tool/is till attached o the DFT. 



25 26. A/process of fabricating a hybrid tool as defined in claim 19, wherein said 
machin/ng of said "A" datum plane on said base structure is done prior to 
attach/ng the base structure to the face sheet, the process including: 

orientating the "A" datum plane of the base structure parallel to the 
refecjbnce plane of the face sheet by adjusting the position of the base structure 
30 over the face sheet using a measurement system, such as a laser tracker, 
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theodoijte, coordinate measuring machine, while supporting the hybrid tool on 
bed of the machine tool with the plane of the "A" datum surface parallel to the 
top surface of the bed; 

ooerating a CNC machine tool, under control of a machine controlling 
running a part program, to machine the ''A" datum plane on the base structure 
parallel to\the machine tool bed. 



27. A process of fabricating a hybrid tool as defined in claim 19, further 
comprising: 

10 attachW^^ support structures on the master mold, the reference 

support structWe having surfaces defining a reference plane parallel to the "A" 
datum plane mii^pFT-, 

attaching too\ reference support structure to said tool base structure, said 
tool referenclife si^pport structure having surfaces defining a tool reference plane 
15 substantial!^ parallel to an intended^' A" datum plane of the tool; 

supporting\said tool base stmcture on a machine tool bed, on legs 
referenced to said\tool reference support structure. 

8. A method of making a composite part on a hybj^d tool: 

coating a face sheet of a hybrid tool with a relfease agent, the face sheet 
made from a master tool having a mold surface tt)fi same shape and size as a 
surface of the part; 

layi ig up plies of resin imprec^nated f^ric material on t^ e face sheet to 
the desired thickness; 
25 debulking the plies in a vacuum kjag with gas pressure, and cuhng the 

resin to form the part on the face shee 

placing the hybrid tool cn a r/achine tool bed at a position designated in a 
machine tool program using spud^and sine key; 

probing reference featui?es on the hybrid tool to accurately establish the 
30 position of the face sheet relative to a home position of the machine tool the 
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reference features having been transferred frj6m corresponding reference 
features on the master tool; 

normalizing the machine icol part Program to correspond to the actual 
position of the hybhd tool on the maclyne tool bed; 

operating the machine tool to/otate a cutting tool while following a cutting 
path along and within a groove previously cut into said face sheet so that said 
cutting tool projects into said groove and engages the full thickness of the laid- 
up part in the tool face sheet 

2^ A hi d u p pari mnrjr i n rnrnrnnnm with thn pror pss r ifffin ^d in claim 25. \ 



30. A process of making a hybnd lay-up tool having groove for penpherai 
edg^ trimming, comprising: 

building a master tool having a mold surface like a surface of parts to be 
15 made Vi said hybrid tool, said master tool having an "A" datum plane; 

building a base structure for the hybrid tool, the base structure having 
indexing futures by which the oase structure can be accurately indexed to a 
machine tooJ bed at a precisely known location; 

layingyp and curing a face sheet on the master tool surface; 
2 0 attaching a base structure to the face sheet while the face sheet remains 

in its laid-up andycured position on the master tool; 

establishinVan \a" datum plane on the hybrid tool base structure parallel 
to th 3 master toor'V d>tam p ane: 



25 tool; 



detachin« 



indexing 



\e sheei and attached base structure from the master 
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.he basfe structure to a machine tool bed; 
machining said groove if\ said :*ace sheet using a cutter in said machine tool 
operating under control oAa machine tool controller running a part program to 
direct said cutter along a pa^h of travel like the path of travel used by the same 
or another machine tool to eace mm a part to be laid up on said face sheet. 



32 



A hybrid lay-up tool 



vrdd$ ac 
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according to the process defined in claim 30. 
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